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Introduction
The testis is a paired organ and considered as the main
reproductive component in the male, which is responsible for
both exocrine through gamete production as well as testos-
terone formation (Setchell, 1978). Ultrasonographic Doppler
imaging is widely used as trans-abdominal and trans-rectal
diagnostic imaging (Rubens et al., 2006) owing to its several
advantages as a safe, noninvasive method to evaluate testic-
ular parenchyma in rams (Camela et al., 2019).
For maximal meat and milk production, producers tend to
house a limited number of rams with a peak reproductive ef-
ficiency, which allow them to impregnate a large flock of ewes
in the same breeding system. Breeding soundness examina-
tion (BSE) is a series of definite steps, which are done to indi-
rectly assess the reproductive performance of rams through
evaluation of certain physical, reproductive and ultrasono-
graphical parameters, which is mainly through measuring the
testicular dimensions for length, width, thickness and volume
of testicular parenchyma as well as pulsed-wave Doppler in-
dices, as resistive index and pulsatility index (Batissaco et al.,
2013; Camela et al., 2019).
There are different measures of blood flow velocities and
spectral Doppler indices of the testicular artery, which could
be evaluated using pulsed-wave Doppler ultrasonography.
Peak systolic velocity (PSV), end diastolic velocity (EDV), mean
velocity (MV), resistive index (RI) and pulsatility index (PI). In-
terestingly, measures of blood flow velocities within the arte-
rial blood vessel during the heart cycle are different and not
stable between measurements (Pozor and McDonnell, 2004). 
The testicular artery supplies a stable blood flow needed
for the metabolic process and spermatogenesis (Bergh and
Damber, 1993). The RI (a measure of blood flow that reflects
the resistance to blood flow caused by microvascular beds dis-
tal to the site of measurement) and PI (conducted to quantify
the pulsatility of oscillations of the waveform) are vastly used
to study testicular blood flow dynamics in human and animals
(Biagiotti et al., 2002; Batissaco et al., 2013; de Souza et al.,
2014). 
As far as we know, there are limited reports concerning
the use of testicular ultrasonography to assess the reproduc-
tive capacity of Awassi rams in Egypt. On the other hand, the
influence of testicular laterality on fluctuations of testicular di-
mensions using grey-scale ultrasonography as well as assess-
ment of testicular blood irrigation using pulsed-wave Doppler*Corresponding author: Mohamed G. HediaE-mail address: mohammedhedia@cu.edu.eg
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Evaluation of Testicular Blood Flow and Ultrasonographic Measurements
in Rams with Emphasis on Laterality
Mohamed G. Hedia1*, Mohamed S. El-Belely1, Sayed T. Ismail1,
Amal M. Abo El-Maaty2
The current study aimed to measure the testicular ultrasonographic dimensions (length, width, thickness
and volume) as well as spectral Doppler indices (resistive index and pulsatility index) of testicular artery,
and to investigate the possible differences between the paired testes based on testicular dimensions
and blood flow Doppler indices. Five Awassi rams of normal fertility, with a body weight 50-65 kg and
aged 3-5 years were subjected to testicular ultrasound examination for testicular dimensions and
pulsed-wave Doppler, twice monthly for five consecutive months. The testicular volume of the left testis
(69.34±6.66 mm3) was higher than the right testis (66.85±5.46 mm3). Testicular thickness was signifi-
cantly affected by the laterality of the testes (P<0.05). Doppler measures for RI (resistive index) as well
as pulsatility index (PI) were slightly higher (P>0.05) in the right testicular artery rather than the left
one. In conclusion, the testicular ultrasound measures and Doppler flow indices varied between the
paired right and left testes in mature rams. In addition, the blood flow indices are highly correlated in
the testicular artery of rams.
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has to be recorded in Awassi rams under Egyptian subtropical
conditions. Thus, the current study aimed to record the defi-
nite values of testicular dimensions and volume from one
hand, and to measure the blood flow indices of the testicular
artery from the other hand, for right and left testes in rams.
Materials and methods
This protocol was performed at Theriogenology Depart-
ment, Faculty of Veterinary Medicine, Cairo University, Egypt.
The experimental protocol was approved by the Ethics Com-
mittee of Cairo University (IACUC). The present study was car-
ried out for five successive months, where each examination
trial was conducted twice monthly.
Animals and management
Five mature Awassi rams of normal reproductive perform-
ance, weighing 50-65 kg and aging 3-5 years old were kept
under natural macro-environment (ambient temperature and
daylight). In accordance with NRC recommendations (NRC,
2007), each ram fed daily 1.25 kg ration composed of 850 g
roughages and green forage and 400 g pelleted concentrates
with free access to fresh water. Rams were routinely vaccinated
against the endemic diseases and, and intensively checked for
both external and internal parasites. Importantly, the circula-
tory system was checked to get rid of the ram suffering from
any cardiovascular problem that influencing the testicular
blood flow measurements. All selected rams showed normal
ranges of pulse rate (60-90 beat/min.) and capillary refilling
time test (1-2 s) during the whole length of the study period
(Pugh and Baird, 2012).
Ultrasound examinations
Scanning was carried out using ultrasound scanner
(EXAGO, Echo Control Medical, France) equipped with a linear
array transducer (7.5 MHz).The same investigator evaluated
the Doppler ultrasonographic measurements during the
whole study.
Estimating testicular dimensions by B- mode ultrasonography
The rams were secured without sedation in the lateral re-
cumbency position. Before any examination procedure, the
fine wool at the both sides of the scrotum were completely
removed, to ensure the direct contact between ultrasound
transducer and the scrotal skin. After that the transducer was
covered with adequate amount of gel to eliminate the pres-
ence of air spaces to facilitate the ultrasonographic scanning.
For proper examination, three separate transverse and longi-
tudinal images of each testis were measured, and the testicular
length (L), thickness (T) and width (W) were recorded using
electronic callipers (Fig. 1). The testis volume was calculated
using the formula L × T × W × 0.71 (Raji et al., 2016).
Measurements of the testicular artery using Doppler
After locating the colored box of blood flow at the proxi-
mal aspect of the testis using the color mapping mode. Inves-
tigator recorded Three to five measurements for each
parameter in different locations along the path of the testicu-
lar artery. The ultrasound settings including focus, gains,
brightness and contrast were standardized, stabilized and
used equally for all examinations. Interestingly, the angle be-
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Fig. 1. Testis of fat-tailed ram imaged by B-mode ultrasonography for measurement of testicular volume according to the formula: L×T×W×0.71 (L= length,
T= thickness and W= width).
Fig. 2. Ultrasonographic scanning of the fat-tailed ram testis using color pulsed-wave Doppler ultrasonography showing blood flow within the testicular
artery (left side). Blood flow within the supratesticular artery revealed a spectral pattern for measurement of blood flow indices within the testicular artery
(right side).  
tween the Doppler beam and the long axis of the vessel was
kept between 45- 60 in the direction of blood flow with the
high pass filter set at 50 Hz. The Doppler gate was fixed for all
scanning trials at 1 mm. After locating the testicular artery, in-
vestigator fixed the examination box through the arterial axis,
and recorded the spectral pattern of the testicular artery using
the pulsed-wave mode (Fig. 2), the measured Doppler indices
were resistive index (RI = (maximum velocity - minimum ve-
locity)/maximum velocity) and pulsatility index (PI = (maxi-
mum velocity-minimum velocity)/mean velocity) according to
Batissaco et al. (2013).
Statistical analysis
The data were tested for normality (Shapiro-Wilk test). De-
scriptive analysis for the studied variables was expressed as
Mean±SEM. An analysis of variance (ANOVA) was performed
for the comparisons between right and left testes using paired
t test (Steel and Torrie, 1980). Pearson correlation coefficients
were checked among the studied variables. A significance level
of P<0.05 was used in all cases. All data were statistically an-
alyzed through the software SPSS (Statistical Package for So-
cial Sciences).     
Results
Descriptive statistics for testicular dimensions as well as
blood flow through testicular artery are shown in Table 1. Tes-
ticular length, resistive index as well as pulsatility index
showed none significant changes for the right testis compared
to the left one. Results demonstrated that there was a signif-
icant influence of testicular laterality on testicular thickness
(P<0.05). However, no considerable changes were found be-
tween the other measured variables (P>0.05).
Testicular thickness showed positive significant (P<0.01)
associations with testicular length(r=0.350) and width
(r=0.413), in addition, a higher positive (P<0.01) correlation
was recorded between blood flow indices (r=0.0925).
Discussion
Intensive evaluation of testicular dimensions is of great
potential benefit in the evaluation of testicular functionality.
Since the testis is a highly compact organ, where the seminif-
erous tubules comprise 70-80% of testicular parenchyma, tes-
ticular volume is largely a reflection of sperm cells production
(Sarlós et al., 2013). Testicular volume estimation is important
to ensure the reproductive capacity. In addition, it can be a
tool to observe pathologies that sustain in a testes alteration.
Furthermore, the testicular volume can be a sign of infectious
diseases or tumour in the organ, compromising the spermato-
genesis, as it has reported in humans (Foresta et al., 1998; Shi-
raishi et al., 2009). Recently, ultrasonographic assessment of
testicular dimensions known as the most accurate based upon
the comparison with actual testicular volume in human beings
and animals (Bollwein et al., 2008; Sakamoto et al., 2008; Zelli
et al., 2013).
The present results indicated that testicular size of left
testis had a higher value than right one, which was confirmed
previously in rams (Andrade et al., 2014; Focsaneanu et al.,
2014; Karimi et al., 2019). The latter authors recorded a differ-
ent average for testicular dimensions rather than those re-
ported in the present study and the discrepancy might be due,
in part, to the breed differences, geographical factors as well
as the age of rams at time of evaluation. In addition, our re-
sults were also confirmed the same trend in other species as
stallion (Kavak et al., 2003) and dogs (Souza et al., 2012).
On pulsed-wave Doppler imaging, the testicular artery
showed mostly monophasic and non-resistive waveforms pat-
tern similar to that described in humans (Middleton et al.,
1989), dogs (Zelli et al., 2013) as well as in rams (Batissaco et
al., 2013). However, spectral Doppler imaging for the testicular
artery in stallions exhibited resistive and biphasic waveforms
(Pozor and McDonnell, 2004), these differences might be due,
in part, to the vertical long axis of ram testes compared to the
horizontal position of long axis of stallion testes.
Spectral Doppler measures obtained in this study demon-
stratedsimilar blood flow indices for both testes (P>0.05),
which agreed with the results in rams (Batissaco et al., 2013; 
Camela et al., 2019), stallions (Pozor and McDonnell, 2002) and
dogs (Zelli et al., 2013). The present findings recorded average
values of 0.44±0.02 and 0.64±0.04 for RI and PI, respectively.
However, results of the current study differ from those men-
tioned by other authors (Batissaco et al., 2013; Camela et al.,
2019). These authors recorded a range of 0.61±0.10 and
1.1±0.1 for RI and PI measures, respectively. This discrepancy
might be attributed to the age, breed as well as geographical
location. 
Conclusion
As we can conclude, the application of B-mode ultrasound
imaging as well as pulsed-wave Doppler to characterize the
testicular parenchyma and hemodynamics for the testicular
artery is of great potential effect on assessing the ram repro-
ductive soundness. There is a great association between the
studied blood flow indices (resistive index and pulsatility
index), in addition to that the influence of laterality on testic-
ular dimensions and blood flow indices is not recorded except
for testicular width measurements between both testes.
Conflict of interest
The authors declare that they don’t have any conflict of
interest
Mohamed G. Hedia et al. /Journal of Advanced Veterinary Research 10 (1) (2020) 17-20
Table 1. Summary of morphometric characteristics of the testes as well as velocimetric indices of the testicular artery in rams.
Variables Right testis Left testis
Testicular length (mm) 73.58±1.12 72.29±1.06
Testicular Thickness (mm) 35.44±0.38 35.76±0.44
Testicular Width (mm) 36.11±0.42* 37.78±0.47*
Testicular volume (mm3) 66.85±5.46 69.34±6.66
Resistive index 0.46±0.02 0.43±.02
Pulsatility index 0.67±0.05 0.61±0.04
Data were expressed as Mean±SE, *: Significant at P<0.05.
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